The mechanical properties of the lungs were measured in the sitting and supine positions in 5 normal subjects and in 5 patients with orthopnea due to congestive heart failure. The patients had higher elastic and viscous resistances in the sitting position. Recumbency increased both resistances in both groups but there was a disproportionate increase in the viscous resistance of the patients. This increase was most marked in late expiration and early inspiration. The significance of these findings to orthopnea is discussed.
T HE mechanical properties of the lungs that oppose the action of the respiratory muscles consist of 2 types of resistance-elastic and viscous. Both are operative during lung movement but under static conditions only the elastic resistance is reflected in the pressure required to maintain any given state of inflation. During movement the viscous resistance comes into play and its additional effect on the pressure depends on both the resistance to air flow and the resistance to distortion of the nonelastic elements of the lung. Thus, by measuring the pressure differential across the lung under appropriate circumstances, it is possible to obtain estimates of both the elastic and viscous properties of the lung.
In 1917 Peabody' ascribed the dyspnea of congestive heart failure to an abnormality of the mechanical properties of the lungs. More recently orthopnea has been explained on a similar basis, an increase in the elastic resistance being thought to be an important factor.2-5 The purpose of this paper is to report measurements of the elastic and viscous resistances in the erect and supine position. These show that the viscous resistance may be of greater consequence than the elastic in the genesis of orthopnea.
METHOD
The subjects were 5 normal individuals and 5 patients with congestive heart failure due to rheu- The mechanical properties of the lungs were measured and calculated by methods essentially the same as that previously described.7 The effective intrathoracic pressure was measured by means of a strain-gage transducer connected on one side to an air-filled thin-walled latex balloon in the lower third of the esophagus and on the other side to the mouthpiece of a pneumotachometer (mesh stainless steel screen). Work of Breathing. The area of the pressurevolume loop represented the mechanical work done on the lungs in order to overcome viscous resistance and was expressed in kilogram centimeters.
The mechanical work required to overcome elastic resistance was obtained from the area of the rightangled triangle whose hypotenuse was formed by the line joining the points of end expiration and end inspiration as described by Mcllroy, Marshall, and Christie,8 and was expressed in kilogram centimeters.
The total work done on the lungs was calculated by adding the elastic work, the inspiratory viscous work, and the portion of the expiratory viscous work that fell outside the elastic work area.
The work per minute was calculated by multiplying the work per breath by the respiratory rate. The subjects were studied in the sitting position and again 5 to 15 minutes after the assumption of the supine position. Patient L. W. was an exception in that he was supported at an angle of 30 degrees because of his inability to lie flat.
RESULTS
Elastic Resistance. Table 2 shows that in the sitting position the index of elastic resistance was higher in the patients with congestive heart failure than in the normal subjects. Assumption of the supine position increased its value in all the normal and in 4 of the 5 cardiac subjects, the fifth being unable to lie flat.
Viscous Resistance. It will be seen in table 2 that the viscous resistance in the sitting position was higher in the cardiac than in the normal subjects. Figure 1 shows that this was true at all rates of air flow. The greater viscous resistance in the cardiac patients is indicated by the greater pressure required to produce a given flow.
On lying down, an increase in viscous resisttance occurred in both groups of subjects (table 2). In normal subjects the increase was spread uniformly over the respiratory cycle but in patients with congestive heart failure the increase was not uniform, being particularly marked at the beginning of inspiration and at the end of expiration. The relationship of viscous resistance to the respiratory cycle in the supine position is shown in figure 2 for the same subjects as shown in figure 1. It will be seen that in the cardiac patient a greater pressure was required to produce a given flow at the beginning of inspiration than was required as inspiration progressed. In expiration, a lower pressure was required at the beginning of expiration than was required as expiration progressed. The data in table 2 indicate that this was true for all the cardiac patients and was not apparent in the normal subjects.
Work of Breathing
In the sitting position the work performed on the lungs against both the viscous and elastic resistances was greater for the cardiac than the normal subjects (table 3) . Similarly, the total work of breathing was much greater in the cardiac than in the normal subjects.
The assumption of the supine position did not result in an increase in the elastic work of breathing in either group, as a decrease in minute volume offset the increase in the index DIscussION The results of this study confirm the observations of others9-" that elastic and nonelastic resistance is elevated in congestive heart failure in the sitting position. This is presumably related to the increased pulmonary blood volume believed to be present in this condition.12' 13 The assumption of the supine position resulted in an increase in the viscous resistance and viscous work of breathing that was more pronounced than the increase in elastic resistance and elastic work of breathing. This was particularly marked in patients with congestive heart failure. It is logical, therefore, to relate orthopnea to the increase in viscous resistance induced by the assumption of the supine position. An explanation of the effect of the recumbent position on the viscous resistance of the lungs must include an explanation of the peculiar relationship of this resistance to the state of lung inflation. A similar but less marked effect of lung inflation has been observed in normal subjects while breathing in an expiratory position or during forced expiration and in emphysematous subjects during expiration." These observations suggest that the high viscous resistance at low lung volumes is due to narrowing of the air passages in this state. Patients with congestive heart failure in the supine position would be especially likely to show this phenomenon because of congestion and edema tending to obstruct the air passages. As the lungs expand these passages would be opened, lowering the resistance to air flow.
In assessing the effect of recumbency on respiration, consideration should be given to the fact that the brunt of the increase in viscous resistance fell in late expiration and early inspiration. It is believed that this concentration of the resistance to breathing on one part of the respiratory cycle would have a more disturbing effect than if its equivalent were spread over the whole cycle. If this be true, the values for the work of breathing reported in table 3 underestimate the adverse effect of recumbency. In any case, the values show that the total work of breathing of the supine cardiac patient was approximately 25 per cent greater than that of the sitting cardiac patient and that this difference was attributable to the difference in the work against viscous resistance.
SUMMARY
The assumption of the supine position resulted in a marked increase in viscous resistance in patients with congestive heart failure. The major part of this increased resistance occurred at the end of expiration and beginning of inspiration when lung volumes were low. As a consequence, the work of breathing in patients with congestive heart failure in the supine position was increased by 25 per cent. The dyspnea of recumbency in these patients is tentatively attributed to interference with the patency of the respiratory passages at low levels of lung inflation. 
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